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Abstract – Instrumental Neutron Activation Analysis (INAA) using high resolution 
gamma-ray spectrometry was used to monitor traffic air pollution in Addis Ababa 
city (Ethiopia) around selected bus stations. Biomonitoring technique was applied 
for the research. The low neutron flux from our isotope source is compensated by 
taking relatively long irradiation time and large mass samples. Gamma photon 
mass absorption correction was made for the relative large mass sample. It was 
identified  that  more  than  18  air  pollutant  elements  are  accumulated  in  the 
biomonitor  samples.  The  research  reveals  that  the  studied  area  were  highly 
polluted due to mainly traffic air pollution. 
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1  Introduction 
 
1.1   Background 
 
Different  research  works  investigated  that  cement  and  metal  industries,  mines,  fossil  and  fuel 
combustion road dust and traffic emissions are the most significant sources of environmental pollution 
(Cipurkovic,  2011).  In  many  cities,  children's  asthma  rates  are  measured  above  90%  and  mental 
retardation is endemic. In such places, life expectancy may be half that of the richest nations. The 
levels of regulatory and management controls that protect people in modern industrial societies are not 
yet reflected in developing countries. Pollution is a serious problem on the poor and marginalized 
people in the developing world. It is a major factor impairing economic growth, and a significant 
strain on the lives of already impoverished people. Efforts are being made and some successes have 
been seen but far too many people still live under these circumstances.  
 
There are decades of experience in industrial nations in cleaning up the most toxic sites and as well as 
a lot of successful projects that are being implemented in the developing world. Condition of public 
transport and infrastructure in Addis Ababa city is regarded as one of the poorest in the world. There is 
no rail way transit service in the capital and thus public transport in Addis Ababa only refers to bus International Journal of Basic and Applied Science 
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and taxi services. Research showed that, Daniel, et al (2010), Car ownership among residents is very 
low. Currently, taxis, city buses and private cars altogether account 30 % of the modal share of which 
is 26 % bus, 70 % taxis and 4 % private cars. The relative rise in automobile ownership together with 
the poor condition of the roads, number of main bus stations few and the poorly functioning traffic 
system have resulted in high level of congestion which is the cause of heavy traffic air pollution 
around the studied bus stations of the city particularly at peak hours. 
 
 
1.2  Environmental Air Pollution and Biomonitoring 
 
All the chemicals compounds or elements that are released into the atmosphere are primarily as a 
result  of  human  activities,  and  which  can  cause  damage  in  living  organisms,  are  considered  air 
pollutants, Moriarty (1999). Biomonitors are organisms used for the quantitative determination of 
contaminants. They are organisms or communities of organisms whose content of certain elements or 
compounds,  histological  or  cellular  structure,  metabolic  or  biochemical  processes,  behavior  or 
population structure, including changes in parameters, supply quantitative information on aspects of 
the quality of the environment or changes in the environment. The aim of monitoring is to determine 
spatial  and  temporal  trends  in  levels  and  effects  of  pollutants  that,  relative  to  their  sources,  are 
deposited or transported locally, regionally or continentally, Wolterbeek, et al (2002). Biomonitoring is 
therefore generally seen as a complementary tool to physical systems rather than a substitute. The 
most widely used biomonitors for air pollution studies are mosses and lichens. Lichens show their 
sensitivity to air pollution in various ways such as decline in diversity, absence of sensitive species, 
and  morphological,  anatomical  and  physiological  changes.  They  are  also  proved  to  be  good 
accumulators of many elements, particularly heavy metals, Abida, et al (2009).  
 
In this work the epiphytic lichen species is used because of its high sensitivity to air pollution. Most 
lichen species obtain their nutrients from wet and dry deposition. A high proportion of the pollutant 
load accumulates in lichens through wet deposition. They possess many properties that make them 
suitable  for  monitoring  purposes. Air  pollutants  are  deposited  on  lichens  in  aqueous  solution,  in 
gaseous form or attached to particles. The accumulation of pollutants occurs through a number of 
different mechanisms: as layers of particles or entrapment on the surface of the cells, incorporation 
into the outer walls of the cells through ion exchange processes, and metabolically controlled passage 
into the cells, Poikolainen (2004).  
 
 
1.3   Instrumental Neutron Activation Analysis (INAA) 
 
Neutron  Activation  Analysis  (NAA)  is  a  quantitative  and  qualitative  method  for  the  precise 
determination  of  a  number  of  major,  minor  and  trace  elements  in  different  types  of  geological, 
environmental and biological samples. INAA is based on the nuclear reaction between neutrons and 
target nuclei of a sample material. It is a useful method for the simultaneous determination of a large 
number  of  major,  minor  and  trace  elements  of  in  ppb-ppm  range  without  chemical  separation, 
Cristache, et al (2007). 
 
If a sample is subjected to a neutron flux ϕ(E), radio-isotopes are formed at a rate: 
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o   is the number of target prior to irradiation, ˃(E) the reaction cross section for the 
production of corresponding radio-isotopes, f the isotopic abundance of the target element, m the mass 
of the target, A the atomic weight of the target element and NA the Avogadro's number. For a constant Hailu, et. al.  International Journal of Basic and Applied Science  
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Energy of the flux, like thermal neutrons the equation becomes,  
 
   f E E A
A
m
R N A ) ( ) (       …(2) 
 
The number of radio-isotopes decaying in the time interval between the end of irradiation and the end 
of counting is; 
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The number of photons emanating from the radioactive decay that are detected, S, will be a lot smaller 
than the predicted value due to many factors like: The geometry dependent photo peak efficiency 
"ʵ(E),  The  gamma  emission  probability  I(E),  The  geometric  correction  factor  Cg  and  the  self-
absorption correction factor K. Including these factors, the total number of detected photons becomes, 
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Combining eq. (2) through eq. (4) the thermal neutron flux will have an expression: 
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2  Experimental 
 
2.1   Study and Sample Collection Area 
 
The lichen samples were brought to the study area from a place known as Ansas Mariam. It is located 
to the eastern side of Debre Berhan city where air pollution at this site is considered to be least amount 
or none. The lichen samples were carefully transplanted around two purposefully selected bus stations 
of the study area. The collected samples were packed in a polythene bag during transportation. The 
lichen samples were carefully washed with distilled water to remove soil and dust particles from their 
surface before their transplantation. The two study areas were the Main bus station in Addis Ketema 
kifleketema where sample AA1 was exposed and the Megenagna bus station in Yeka kifleketema 
where sample AA2 was exposed. These cite were selected because of their heavy traffic and highest 
density of the population working in this area relative to other areas of the city. The study and back 
ground area are shown in the Fig. 1 and Fig. 2.  
 
For exposing the lichen samples, a 20cmx10cmx10cm wooden box was made The wooden box was 
covered from the top by plastic materials so that contaminants from supporting trees may not reach the 
samples by leaching during the rainy season. At the bottom of the boxes a cylindrical shaped water 
tank, open along its diameter from its top, was fixed for supplying water through a cotton cloth. These 
samples were placed in a cloth boxes made of silk having area of 1mm
2 pores on the front side and 
cotton clothes on the back side. The pores were used as an inlet for air into the lichen samples and the 
cotton cloth was used for water transportation into the sample.  
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The wooden box having sample AA1 was placed on a pole 3m tall at nearly 2m distance from the 
fence of the bus station near the main road. The sample was exposed to air for three months from 7
th, 
June, 2011 to 6
th, September, 2011. The exposed sample was collected at the end of the 3
rd month. 
Similarly, the second sample (AA2) was placed on the top of a 3m tall shop about 10m distance from 
the main road. 
 
 
 
Fig.1: Study area around selected bus station in Addis Ababa City 
 
 
 
 
Fig.2:  Ansas Mariam artificial forest, near Debre Birhan City, where the lichen samples are 
collected for transplantation. 
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2.2  Materials and Methods 
 
Instrumental neutron activation analysis of elements can be done using standard method in which the 
experimental  sample  is  compared  with  a  standard  sample  (comparator).  The  intensity  of  a 
characteristic gamma-ray line from the elements in the sample is compared with the intensity of the 
gamma-ray  lines  from  the  comparator  or  standard. The same  expression  eq. (5)  is  used for  both 
elements in the comparator and unknown elements in the sample. The use of comparator method is 
usually selected to eliminate the geometry factors (CG) during irradiation and counting. In this work, 
the comparator method is selected.  
 
 
2.2.1  Efficiency and Energy Calibrations 
 
The HPGe detector and gamma spectrometer Canberra System was used. The resolution and relative 
efficiency of the detector for 1332 keV (Co-60) was determined to be 2 keV and 50 %, respectively. 
The detector and preamplifier are placed inside a low background lead shield and cooled by liquid 
nitrogen from vertical dipstick cryostat. The integrated signal processor (model 1510) consists of a 
pulse height analysis system to transform pulses was used. The pulses were collected and stored by a 
computer-based MCA with 4k conversion gain. The Eu-152 gamma source with known activity was 
used to calibrate the spectrometer and photo peak detection efficiency of the detector. The absolute 
detector efficiencies (ʵG) was calculated by using an expression: 
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where n is the net area under the full-energy peak of gamma-ray energy E, t the counting time, Pϒ(E) 
gamma-ray emission probability at energy E, N0 the activity of the source (Becquerel) and td the decay 
time the calibrating nuclide. The Energy calibration is done by using two standard sources; Eu-152 and 
Cs-137 delivered by IAEA 
 
 
2.2.2  Error Propagation 
 
The  main  sources  of  uncertainty  to  be  considered  in  INAA  are  the  contributions  from  counting 
statistics. The uncertainty contribution from neutron self-shielding during irradiation was minimized 
by taking the mean neutron flux falling on the sample. The mean neutron flux was obtained by taking 
the average flux falling on the standard placed in front of the sample(maximum Flux) and the flux 
falling on the standard placed at the back of the sample(minimum Flux) during irradiation time. The 
counting statistics uncertainty is available from the measurement results as the square root of the 
measured  activity  after  the  back  ground  is  subtracted,  as  it  follows  the  Poisson  statistics, 
Tzortzis(2004). 
 
Gamma-ray self absorption by the sample mass was corrected using the mixture gamma ray mass 
absorption equation, Gowda, et al (2004).  
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Where: μ  =   total photon mass absorption coefficient for our mixture, 
  wi  =   weight fraction of i
th element in the mixture,  
  μi  =   total photon mass absorption coefficient of i
th element.  International Journal of Basic and Applied Science 
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The mean value of the gamma ray mass self absorption coefficient was used for the calculation of the 
actual intensity of the photon. The intensity from the full energy photo peak is corrected using usual 
photon intensity mass absorption equation. 
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Where:  I(x) =  the intensity of the photon at thickness x, and  
  I0   =  the intensity at the upper surface of the sample 
 
 
2.2.3  Sample Preparation and Irradiation 
 
The lichen samples were oven dried at 80
0C for 10 h to remove any moisture content. The samples 
were  powdered  using  agate  pestle  and  mortar. The  samples  were  weighted  by  a  sensitive  digital 
Sanatoriums balance whose sensitivity is 0.0001g. Sample masses used were in the range of 1 - 2g. 
Disk shaped Polythene sample holders having larger cross section were used. They were sealed by a 
thin tape. The irradiation and counting of samples was done keeping fixed geometry, so that geometry 
factor gets canceled while taking the ratio of activity of comparator and unknown sample. The thermal 
neutron  cross  section  and  isotopic  abundance  values  of  the  sought  elements  are  taken  from  data 
compiled by S.F. Mughabaghab (2003) and the gamma emission probability from table of isotopes by 
Richard B. Firestone (1999). The irradiation facility in our laboratory consists of 2 Ci cylindrical Am-
Be source. The KI standards were also sealed in the in same geometry sample holder to be irradiated at 
the same time with the sample. Two KI standards having equal mass were prepared. The sealed sample 
was  again  sealed  in  between  the  two  standards.  The  Sample,  together  with  the  standards,  was 
irradiated for 3 weeks in Am-Be neutron source for medium and long-lived activation products. 
 
 
3  Results and Discussion 
 
Addis Ababa city has three main bus stations which are used for the long march road transportation. In 
addition to this, there are a large number of city bus stations overcrowded by small and large city 
buses which contribute for traffic air pollution. The other contribution to the air pollution comes from 
different vehicles used in the city. In this work, the research result of heavy traffic air pollution from 
the Main city bus station in Addis Ketema known as 'kiehager Awtobs tera' (AA1) and Megenagna bus 
station (AA2) are presented . The natural abundance and thermal neutron capture cross section for the 
parent element and the half life, main gamma energy and absolute gamma ray intensity for the A+1 
isotopes analyzed is shown in Table1. Results of elemental concentrations in the lichen samples are 
given in Table2. The result showed that the most dominant air pollutants around the main bus station, 
as  found  deposited  in  lichen  sample AA1,  were:  K,  Pd,  Co,  Eu,  Cd,  Ge,  Cl,  Ga,  and  Mo  with 
concentrations 7680.0 ±  54.0,  7640.00  ± 7.20,  4084.51  ±  17.8,  3884.00 ±  55.5,  3556.00 ±19.10, 
2810.00 ± 31.62, 2510.61 ± 3.26, and 2463.50 ± 4.90, 2102.12±12.14 respectively. As the area is 
located  at  heavy  traffic  area  and  also  near  Merkato  where  many  materials  are  locally  made  and 
recycled, the concentration of the air pollutants is notably high. 
 
On the other hand the dominant air pollutants around Megenagna bus station area as found deposited 
in  the  lichen  sample  AA2  were:  Nd,  K,  Sm,  Eu,  Mo,  Co,  Cd,  and  Ba  with  concentrations 
6942.0±58.5  ,4203.22±24.52,  3608.58±30:83,  3264.46±42.14,  2867.20  ±  16.90,  2645.32  ±12.84, 
1999.00 ± 8.2 and 1792.25 ± 28.9 respectively. 
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Table 1:  The natural abundance and thermal neutron capture cross section of the parent element and 
the half life, main gamma energy and absolute gamma ray intensity for the A+1 isotope. 
 
 
 
Table 2:  The Elements and their concentration(C) identified in the lichen samples 
 
 
4  Conclusion 
 
The research has shown the air condition of Addis Ababa city near two bus stations. There is strong 
evidence that the air in Addis Ababa city around bus stations has poor air quality situation with respect International Journal of Basic and Applied Science 
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to air pollution of these environment. The research revealed that the city has high level of air pollution. 
Although the city's air quality is poor there is no binding guidelines and no enforcement authority for a 
better air quality standards and vehicular emissions. The present air pollution policies of the city must 
be  improved  by  setting  a  clear  and  practical  vehicular  emission  policy.  Today  lack  of  reliable 
emissions inventory and lack of consolidated data on measured impacts of air pollution in Addis 
Ababa are great challenges which must be considered as part and parcel of the development program 
of  the  city.  The  city  administration  did  a  lot  towards  governance,  provision  of  services  and 
encouraging  private  sector  in  the  development  of  road  construction.  Furthermore  additional  bus 
stations are under construction which manages bus transports at each out let roads to different regions. 
Though these efforts have shown a sign of improvements to the overall condition of the city, there are 
still many tasks to be done in order to minimize traffic air pollution of the city.  
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